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ABSTRACT
Objective: Mouth breathing is a bad habit that has several impacts on dentocraniofacial growth and development in children. It also related to another 
oral cavity condition, such as poor oral hygiene and halitosis. Halitosis is caused by an anaerobic bacteria product such as Treponema denticola and 
Porphyromonas gingivalis. These bacteria are Gram-negative anaerobic bacteria that play a significant role to halitosis occurrence. The objective of this 
study is to determine the prevalence of T. denticola and P. gingivalis as bioindicator in mouth breathing children.
Methods: A total number of 60 subjects had a mouth breathing test (19 subjects diagnosed as mouth breathers and 41 subjects as nose breathers). 
Then, the subjects were classified into halitosis and oral hygiene status category. Identification of T. denticola and P. gingivalis in supragingival plaque 
and buccal mucosa subjects was used a conventional polymerase chain reaction method.
Results: The correlation between Oral Hygiene Index-Simplified and organoleptic score in mouth breathers has positive correlation (r=0.001), in 
the contrary, in nose breathers, it has negative correlation (r=−0.046). Meanwhile, the prevalence of T. denticola and P. gingivalis in mouth and nose 
breathers has no significant differences. Moreover, the significance value of prevalence T. denticola and P. gingivalis based on clinical parameters 
halitosis and oral hygiene status has no differences.
Conclusion: The prevalence of T. denticola and P. gingivalis cannot be used as bioindicator in mouth breathers.
Keywords: Halitosis, Mouth breathing, Oral hygiene status, Organoleptic, Porphyromonas gingivalis, Treponema denticola.
INTRODUCTION
Nose is a substantial organ body in a way brings the inhaled air under 
an ideal condition for the respiration [1]. According to Moss’s theory of 
matrix functional, respiration through the nose has a significant role 
in growth and development of an ideal craniofacial structure. However, 
in some conditions, respiration through the nose could be altered to 
mouth breathing as a result of pathological adaptation toward nasal 
obstruction or another mechanical factor [2].
Mouth breathing can lead to dentocraniofacial growth alteration and 
oral cavity problems, such as halitosis and poor oral hygiene. The oral 
mucosa of mouth breathers will encounter an evaporation and oral 
mucosa becomes dry. This is a predisposition factor to halitosis and 
poor oral hygiene [3].
Bad breath or halitosis is an unpleasant smell for the individual and 
their surroundings [4]. Halitosis does not only occur in adults but it can 
also occur in children [5]. Sources of halitosis can be classified from 
the intraoral and extraoral. According to the study, the prevalence of 
intraoral halitosis is 85%, the rest of it is extraoral, such as digestive and 
respiratory systems [6]. Halitosis has a multifactorial etiology, but the 
main cause is due to poor oral hygiene and volatile sulfur compounds 
(VSCs) gas generated by anaerobic bacteria. These conditions can 
occur by increasing of plaque accumulation and bacterial growth 
which results in decreased of salivary flow rate. The protection from 
the salivary capacity, such as self-cleaning, antibacterial, and buffering 
activities is inhibited, thus deteroriating the status of oral hygiene [4].
According to Saini, the activity of proteolytic anaerobic bacteria mainly 
generates VSCs with 90% of its major components consist methyl 
mercaptan (CH3SH), hydrogen sulfide (H2S), and dimethyl sulfide 
[(CH3)2S] [4,7]. These gas-producing anaerobic Gram-negative bacteria 
include Treponema denticola, Porphyromonas gingivalis, Fusobacterium 
nucleatum, and Tannerella forsythia [8]. The bacteria will degrade 
protein compounds derived from saliva, gingival crevicular fluid, 
plaque, tongue dorsal, and desquamated epithelial cells [7].
T. denticola and P. gingivalis were found frequently in deep periodontal 
pockets, but it can be found in the supragingival area and oral 
mucosa [8,9]. T. denticola and P. gingivalis have a role in plaque 
formation as late colonizers. Bacterial colonization will affect its 
phenotypes, which is bacterial becomes more resistant to antibacterial 
agent than plankton bacteria [10]. The presence of these bacteria 
in healthy periodontal tissue is a periodontal disease risk factor [9]. 
Plaque accumulation can be evaluated using the instrument, like Oral 
Hygiene Index-Simplified (OHI-S). OHI-S score becomes a guideline to 
determine oral hygiene status [11].
Based on the above explanation, in this study, identification of 
T. denticola and P. gingivalis was carried out in mouth breathing children. 
T. denticola and P. gingivalis were assumed as biologic indicator for 
mouth breathing children and as an early warning toward the risk of 
periodontal disease in children.
METHODS
Sample collection
This study was approved by Ethics Committee, Faculty of Dentistry, 
Universitas Indonesia, with letter numbers 58/Ethical Approval/
FKGUI/VII/2019. Sixty subjects were recruited from SD Tugu Ibu, 
Depok. Participants and their parents were received an explanation 
about the aim and procedures of this study and agreed to participate 
in this study by assigned a written paper as informed consent. Sixty 
subjects were performed mouth breathing test, 19 subjects diagnosed 
as mouth breathers, and 41 as nose breathers. Children with mental 
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issue, lip and palate cleft, and consumed antibiotics or antihistamine 
for the past 3 months were excluded from this study. The participants 
were classified based on oral hygiene status and organoleptic score. 
Participants were performed an organoleptic test using a carton paper 
as privacy screen and straw. Participants were asked to exhale slowly 
near the straw. Two operators assessed the smell with score range of 
0–5. Assessment performed in three different distances, 10 cm, 30 cm, 
and 100 cm. Subjects have organoleptic score <2 considered who had 
no halitosis; meanwhile, subjects have organoleptic score ≥2 considered 
who had halitosis. Furthermore, oral hygiene assessment was used 
according to OHI-S Greene and Vermillion criteria [11]. OHI-S score 
classified subjects into three categories, good oral hygiene (0–1.2), 
moderate (1.3–3.0), and poor (3.0–6.0). Buccal mucosa samples were 
collected using a sterile brush to swab buccal mucosa 3 times each 
subject. Supragingival plaque samples were collected by pooling using 
a periodontal probe. The samples placed in 1 ml phosphate-buffered 
saline (PBS) in microcentrifuge tube.
Bacterial growth conditions
T. denticola (ATCC 35404) and P. gingivalis (ATCC 33277) cultivated in 
brain heart infusion broth under anaerobic condition (N2 80%; H2 10%; 
CO2 10%) at 37°C for 3 days.
DNA extraction
DNA was extracted using heat shock method. The samples were washed 
using PBS 2 times and once using nuclease-free water. Samples were 
incubated in 100°C using a floating bath in a water bath for 20 min. 
Then, the samples immediately placed in cooler box contain dry ice for 
10 min. DNA isolation was carried out by centrifugation at 10.000 rpm 
for 5 min then taken out the supernatant.
Identification T. denticola and P. gingivalis
A pair of specific primer was used for each bacterium. For identification, 
T. denticola was used: Td1394-F (5’-AGAGCAAGCTCTCCCTTACCGT-3’) 
and Td-1498-R (5’-TAAGGGCGGCTTGAAATAATGA-3’); meanwhile, 
P. gingivalis was used: Pg1198-F (5’-TACCCATCGTCGCCTTGGT-3’) and 
Pg1323-R (5’-CGGACTAAAACCGCATACACTTG-3’) [12].
Polymerase chain reaction (PCR) protocol
Reaction mixture consisted of 12.5 µl MyTaq, Red Mix™, 0.5 µl forward 
and reverse primer 5 µM, 3 µl DNA sample, and 3.5 µl double-distilled 
water. The total volume for each PCR mixture was 25 µl. PCR reactions 
were performed under these following conditions: Initial denaturation 
at 95°C for 2 min, followed by 36 cycles of denaturation at 95°C for 30 s, 
annealing at 60°C for 1 min, extension at 72°C for 1 min, and then final 
extension at 72° for 1 min [13].
Electrophoresis
The PCR amplification products were analyzed using 1.5% agarose gel 
stained with gel red. Electrophoresis was performed for 30 min at 400 
A and 100 V. Then, agarose gel was exposed to UV light.
RESULTS
The clinical parameters used in this study were oral hygiene status and 
organoleptic score. The correlation between OHI-S and organoleptic 
score in nose breather group was a weak negative correlation 
(r=−0.046), meanwhile, in mouth breather group was a weak positive 
correlation (r=0.001). p>0.05 is no significant correlation between 
OHI-S and organoleptic score.
Overall, as shown in Table 1, T. denticola and P. gingivalis were 
detected in every subject from the supragingival plaque and buccal 
mucosa. T. denticola was detected in 100% (n=41) nose breathers 
when isolated from supragingival plaque and was detected 100% 
(n=19) in mouth breathers when isolated from buccal mucosa. Then, 
in buccal mucosa of mouth breathers, P. gingivalis was detected 100% 
(n=19). Meanwhile, T. denticola that isolated from supragingival 
plaque of mouth breathers and buccal mucosa of nose breathers was 
detected 89.5% and 92.7%, respectively. The Chi-square test showed 
no statistically significant differences between nose and mouth 
breathers (p>0.05).
The electrophoresis result from PCR amplification appears as a single 
band. According to the specific primers used in this study for each 
bacterium, T. denticola and P. gingivalis products yielded 105 bp and 
126 bp, respectively. Fig. 1 shows that all of subjects were detected 
T. denticola. Lane 13 does not contain T. denticola DNA because the 
DNA sample in PCR mixture was substitute with double-distilled water. 
Meanwhile, in Fig. 2, subject number 11 does not have P. gingivalis DNA 
because the band appears far lower than 126 bp.
The prevalence of P. gingivalis in both groups was same, but T. 
denticola has 90% tendency in halitosis group. Meanwhile, T. denticola 
prevalence in supragingival plaque’s nose breathers showed a similar 
result in both of group halitosis (Fig. 3). While P. gingivalis has been 
increased in both group from supragingival plaque in nose breathers 
(Fig. 4). On the other hand, T. denticola and P. gingivalis have been 
Fig. 1: Electrophoresis results from Treponema denticola 
amplification using a specific primer. Lane 1 DNA from 
T. denticola ATCC 35405. Lanes 2-7 and 9-12 DNA T. denticola 
from supragingival plaque subjects. Lane 13 does not contain 
T.denticola DNA. Marker is in lane 8
Fig. 2: Electrophoresis results from polymerase chain reaction 
amplification using a specific primer. Lane 1 was a control 
negative, which was not contained DNA sample. Lane 2 DNA 
from Porphyromonas gingivalis ATCC 33277. Lanes 3-7, 9, 10, 
and 12-14 DNA P. gingivalis isolated from supragingival plaque 
subjects. Lane 11 does not contain P. gingivalis DNA
Table 1: T. denticola and P. gingivalis distribution in nose and 
mouth breathers




n % n %
T. denticola Supragingival plaque 41 100 17 89.5
Buccal mucosa 38 92.7 19 100
P. gingivalis Supragingival plaque 38 92.7 19 100
Buccal mucosa 39 95.1 18 94.7
T. denticola: Treponema denticola, P. gingivalis: Porphyromonas gingivalis
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subject without halitosis (Fig. 6). The differences of T. denticola and 
P. gingivalis between halitosis and no halitosis groups were 7% and 
2%, respectively. Statistical analysis using Chi-square test was carried 
out for every group with different samples. p>0.05 is no statistically 
significant differences between the groups.
Furthermore, the mouth and nose breathers were classified by 
their oral hygiene status into good, moderate, and poor oral hygiene 
category. However, in this study, the poor oral hygiene category was 
not found among the subjects. P. gingivalis was detected in all of mouth 
breathers between good and moderate oral hygiene status. However, 
T. denticola showed a higher prevalence in mouth breather with 
moderate oral hygiene (Fig. 7). The differences between moderate 
and good oral hygiene are 6%. In contrast, T. denticola isolated from 
supragingival plaque was detected in all of nose breather whether good 
or moderate oral hygiene status. However, P. gingivalis appear higher in 
moderate oral hygiene group (Fig. 8). The prevalence of T. denticola and 
P. gingivalis isolated from buccal mucosa mouth breather has shown a 
special phenomenon (Fig. 9). T. denticola and P. gingivalis were detected 
in all of mouth breather with moderate and poor oral hygiene. Last, in 
Fig. 10, the prevalence of T. denticola and P. gingivalis has similarity in 
each oral hygiene category.
Statistical analysis was carried out for each clinical parameter in every 
group. The result showed that there are no statistically differences 
between the groups (p>0.05).
DISCUSSION
The aim of this study was to determine whether the prevalence of 
T. denticola and P. gingivalis could be a biologic indicator in mouth 
breathing children or not. Mouth breathing is a pathological adaptation 
caused oral cavity alteration, which is halitosis and poor oral hygiene [3]. 
Those conditions occur due to decreased salivary flow rate leading to lack 
of its protection properties. Salivary antibacterial action could suppress 
the growth and proliferation of anaerobic Gram-negative bacteria [4].
Extraoral halitosis can originate from respiration and gastrointestinal 
system. Gastrointestinal system disorder can cause halitosis, including 
gastroesophageal reflux. According to Moskowitz et al., there was 
a relationship between gastrointestinal disease and halitosis. 
Furthermore, Katsinoles et al. had studied organoleptic and benzoyl-
DL-arginine-test-α-naphthylamide (BANA) test to evaluate halitosis 
in subjects positive and negative Helicobacter pylori. BANA test 
used to detect anaerobic bacteria proteolytic, especially T. denticola, 
P. gingivalis, and T. forsythia [6].
T. denticola and P. gingivalis were chosen to be detected because both 
bacteria are Gram-negative anaerobic proteolytic bacteria. Proteolytic 
bacteria will degrade protein from saliva, shed epithelium, food debris, 
and interdental plaque. Protein compounds were broken into peptide 
and then amino acid and VSC gas with thiol free group. As mentioned 
before, VSC gases contribute to halitosis occurrence [7].
In this study, 10 of 19 mouth breathers had halitosis. Mouth breathing 
causes oral dryness in oral mucosa due to inability saliva to balancing 
the evaporation. Thus, the oral cavity environment favored to the 
occurrence of halitosis. However, there are some nose breathers who 
had halitosis. It is assumed that halitosis does not originate from oral 
cavity rather extraoral [4]. This situation was supported by biologic 
indicators, almost all of the subjects were detected T. denticola and 
P. gingivalis. It is assumed that the accumulation of each bacterium 
was not quite dominant resulted in a lower concentration of VSC gas 
produced. This was supported by clinical parameter that no subjects 
were included poor oral hygiene category because halitosis related to 
poor oral hygiene and periodontal disease existence [8].
The prevalence of T. denticola and P. gingivalis whether from 
supragingival plaque or buccal mucosa was not showed significant 




















Treponema denticola Porphyromonas gingivalis
Fig. 4: Comparison identification positive DNA Treponema 
denticola and Porphyromonas gingivalis in supragingival plaque 





















Treponema denticola Porphyromonas gingivalis
Fig. 3: Comparison identification positive DNA Treponema 
denticola and Porphyromonas gingivalis in supragingival plaque 






















Treponema denticola Porphyromonas gingivalis
Fig. 5: Comparison identification positive DNA Treponema 
denticola and Porphyromonas gingivalis in buccal mucosa mouth 
breathers based on organoleptic score
found in the same level in the supragingival plaque in mouth breathers 
(Fig. 5). Meanwhile, both of bacteria that isolated from buccal mucosa, 
T. denticola and P. gingivalis, have higher prevalence in nose breather 
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P. gingivalis to generate a free glycine. T. denticola was used free glycine 
by P. gingivalis as a main source of carbon [15]. Meanwhile, T. denticola 
has been reported that always found in periodontal tissue that infected 
by P. gingivalis [14].
However, subject number 2 (data not shown) had a contrary result. 
P. gingivalis was not found when isolated from buccal mucosa, but 
T. denticola was detected in the same area. T. denticola existence in buccal 
mucosa can cause by tongue movement or saliva. The more sample sources 
were collected it increased the possibility of bacteria to be found [16].
Bacterial existence in buccal mucosa was supported by the previous 
study that P. gingivalis was found in predentate infant [17]. It is 
proposed that P. gingivalis was transmitted through an intimate 
contact, including mother and child contact with direct transmission 
from the mother [17,18]. P. gingivalis mechanism to survive in an 
aerobic environment like buccal mucosa was not clear. However, it is 
believed that P. gingivalis invade into buccal mucosa cell. Under that 
circumstance, bacteria were protected against extracellular oxygen 
derived from saliva, saliva agglutinin, and antibacterial protein 
saliva [19].
According to Table 1, the prevalence of P. gingivalis from supragingival 
plaque in mouth breather is 100%. Meanwhile, in nose breathers, 





















OHI -S Examination Result
Treponema denticola Porphyromonas gingivalis
Fig. 7: Comparison identification positive DNA Treponema 
denticola and Porphyromonas gingivalis in supragingival plaque 






















OHI -S Examination Result
Treponema denticola Porphyromonas gingivalis
Fig. 8: Comparison identification positive DNA Treponema 
denticola and Porphyromonas gingivalis in supragingival plaque 













OHI - S Examination Result
Treponema denticola Porphyromonas gingivalis
Fig. 9: Comparison identification positive DNA Treponema 
denticola and Porphyromonas gingivalis in buccal mucosa mouth 





















OHI -S Examination Result
Treponema denticola Porphyromonas gingivalis
Fig. 10: Comparison identification positive DNA Treponema 
denticola and Porphyromonas gingivalis in buccal mucosa nose 






















Treponema denticola Porphyromonas gingivalis
Fig. 6: Comparison identification positive DNA Treponema 
denticola and Porphyromonas gingivalis in buccal mucosa nose 
breathers based on organoleptic score
with P. gingivalis in supragingival plaque (data not shown). When the 
plaque formation occurred, both of bacteria act as late colonizer and 
they will coaggregate. Interaction between T. denticola and P. gingivalis 
is nutritional synergic symbiosis [14]. T. denticola will stimulate 
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supragingival plaque but not detected in buccal mucosa. It is assumed, 
the supragingival plaque bacteria do not have a chance to colonize on 
buccal mucosa surface [20].
This study reported the prevalence of T. denticola and P. gingivalis 
from supragingival plaque and buccal mucosa each group had unstable 
tendency. The differences between breather groups with or without 
halitosis are also not significant. It is assumed that T. denticola and 
P. gingivalis do not correlate with halitosis. Perhaps, halitosis in these 
subjects originates from extraoral rather intraoral. One of the halitosis 
sources is gastroesophageal reflux. Alteration in gastric caused by 
H. pylori infection. Katsinoles et al. study was carried out an examination 
of halitosis using BANA test in positive and negative subjects H. pylori. 
The result showed a higher BANA positive in children positive H. pylori 
in their oral cavity. Another study by Hoshi et al. showed higher H2S 
and [(CH3)2SH] concentration in subjects positive H. pylori. Therefore, 
H. pylori had a greater relationship to halitosis in children [4].
The evaluation of oral hygiene status was carried out in this study. 
According to Figs. 7-10, T. denticola and P. gingivalis have tendencies 
in moderate OHI-S group. Tanaka et al. study supported this result, 
the prevalence of both bacteria was found higher in moderate OHI-S 
group [18]. There are no significant differences between the OHI-S 
groups. T. denticola and P. gingivalis were found almost in every 
subject with different oral hygiene status. This might be happened 
because T. denticola and P. gingivalis act as late colonizer in plaque 
formation [10]. Besides, this is a qualitative study, so T. denticola and 
P. gingivalis identification will be needed a further study by calculate 
the amount of colonization both bacteria in every oral hygiene status.
Biological indicator that analyzed in this study, T. denticola and 
P. gingivalis, did not correlate with halitosis. The halitosis sources 
might be originated from gastroesophageal reflux. For further study, 
the identification of H. pylori could carry out as bacteria that more 
correlate with halitosis. This study has several limitations, including 
the distribution of sample sizes between nose and mouth breathers 
was not equal. Besides, this is a qualitative study so that the quantity 
of bacterial colonization could not be carried out. Therefore, real-time 
PCR method is needed to examine the quantity of bacterial colonization.
CONCLUSION
The prevalence of T. denticola and P. gingivalis based on oral hygiene 
status and organoleptic score from supragingival plaque and buccal 
mucosa in mouth and nose breathers has no constant tendencies. 
Therefore, T. denticola and P. gingivalis isolated from supragingival 
plaque and buccal mucosa cannot be used as biologic indicator in mouth 
breathing children based on oral hygiene status and organoleptic score.
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